INTRODUCTION {#sec1-1}
============

Androgenic alopecia (AGA) is the most common hair loss condition in men and women with significant negative impact on their social and psychological wellbeing. AGA, a hereditary androgen-dependent disorder, is characterized by a progressive process that causes a gradual conversion of terminal hair into miniaturized hair defined by various patterns.\[[@ref1]\] AGA developing before 36 years of age and reaching at least stage 3 of Hamilton-Norwood classification is termed as early onset AGA.\[[@ref2]\] In many studies, AGA has been shown to be associated with several diseases, such as coronary heart disease,\[[@ref3][@ref4]\] insulin resistance (IR),\[[@ref5]\] hypertension,\[[@ref6]\] abnormal serum lipid profiles,\[[@ref3][@ref5][@ref7]\] obesity,\[[@ref8]\] prostate cancer,\[[@ref9]\] benign prostatic hyperplasia,\[[@ref10]\] and some environmental factors, such as smoking.\[[@ref8][@ref11]\] However, controversies also exist regarding the association of those diseases and environmental factors with AGA.\[[@ref12][@ref13][@ref14][@ref15][@ref16]\]

Recently, the term "metabolic syndrome" (MetS), came into common usage, and its importance regarding increased risk of developing cardiovascular disease (CVD) and diabetes is being emphasized more and more. Coronary artery disease (CAD) is a major cause of death and disability worldwide.\[[@ref17]\] Advanced obstructive CAD can exist in patients with minimal or no symptoms and can progress rapidly, so early detection is extremely important.\[[@ref18]\] Until now, few studies\[[@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\] have reported on the association between AGA, MetS, and CAD.

The aim of this study was to analyze the association of the presence of MetS and carotid artery atherosclerosis with early onset AGA (age from 20 to 35 years). This age group was selected because MetS and coronary disease often does not occur in this age group and also, a risk factor in these persons may be present but are in apparent. So, early detection of the risk factor is useful for early intervention to decrease the incidence of MetS and CAD.

MATERIALS AND METHODS {#sec1-2}
=====================

Patients were selected from Dermatology Department, Government Medical College, district Amritsar, India from January 2013 to June 2014. The study was carried out on 100 male patients presenting with AGA between the age of 18 and 35 years and on 100 age-and-gender matched controls (for other minor skin problems) after obtaining informed witnessed consent. This study was assessed and approved by the Ethics Committee and Review Board of the Institution.

Patients suffering from another type of alopecia and alopecia associated with other dermatological conditions were excluded. The inclusion and exclusion criteria for the controls were the same as for the cases except that the control patients were not suffering from AGA.

Diagnosis of AGA was clinical. The degree of hair loss was assessed and classified according to the Hamilton and Norwood classification.\[[@ref27][@ref28]\] A photographic record of their hair status was kept.

After obtaining written consent, a detailed history regarding age of onset, history of smoking, CVD and consumption of drugs (antidiabetic agents, lipid-lowering, and antihypertensive agents), family history of AGA and CVD, hypertension, diabetes mellitus was obtained and every patient was subjected to thorough general physical, systemic, and dermatological examination. The severity of alopecia was assessed, and indices of obesity such as weight and height were recorded to calculate the body mass index (BMI). In addition, we recorded waist circumference (WC), waist to hip ratio (WHR), and blood pressure. Clinical examination of controls was also performed similarly.

We determined serum levels of glucose, triglycerides (TGs), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total cholesterol, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR). Carotid ultrasound scans were performed to study the presence of atheromatous plaques of the common carotid arteries, carotid bulb, and internal carotid arteries.

The diagnosis MetS was based on criteria defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III, 2001),\[[@ref29]\] which were modified to include the World Health Organization\'s proposed WC cut-off points for Asians.\[[@ref30]\] Subjects were required to have three or more of the following: (i) WC \>90 cm in men and \>80 cm in women, (ii) serum TG ≥150 mg/dl (≥1.70 mmol/l), (iii) HDL-C levels \<40 mg dl (\<1.04 mmol/l) in men and \<50 mg/dl) (\<1.70 mmol/l) in women, (iv) impaired fasting glucose of ≥110 mg⁄dl (6.11 mmol/l) or use of medication for hyperglycaemia, and (v) blood pressure ≥130⁄85 mmHg or use of medication for hypertension.

Statistical evaluation was carried out using SPSS version 17.0 by IBM. The results were expressed as a mean ± standard error of the mean. ANOVA test applied for determining the significance of the difference between the cases and the controls for a different variable. *P* \<0.05 were considered significant and *P* \< 0.01 were taken as highly significant.

RESULTS {#sec1-3}
=======

We studied 100 male patients with early onset AGA, 12% with type I, 25% with type II, 29% with type III, and 12% with type IV alopecia. Type V was present in 7% patients, type VI in 9%, whereas only 6% patients had most severe type VII alopecia according to the Hamilton and Norwood classification. The mean (standard deviation) age for both groups was similar, namely, 27.03 ± 5.36 years in the cases and 26.22 ± 5.10 years in the control (*P* = 0.478). The mean time since onset of alopecia was 40.55 ± 27.67 months. A positive family history of AGA, hypertension, and DM was found to be significantly more frequent in study cases than in the controls (*P* \< 0.05) \[[Figure 1](#F1){ref-type="fig"}\].

![Family history in study group and control group](IJT-7-141-g001){#F1}

In our study, we found statistically highly significant difference in BMI (25.03 ± 4.35 kg/m^2^ vs. 22.34 ± 3.41 kg/m^2^, *P* \< 0.05) and statistically significant difference in WC (87.8 ± 11.28 cm, *P* \< 0.05) in study group patients as compared to patients in control group; however, the difference in WHR was statistically not significant (0.93 ± 0.06 vs. 0.90 ± 0.06, *P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].

###### 

Anthropometric and specific biochemical profile of study group and control group

![](IJT-7-141-g002)

There were statistically significant differences in mean values of serum TGs (*P* \< 0.05), serum cholesterol (*P* \< 0.001), systolic blood pressure (*P* \< 0.05), diastolic blood pressure (*P* \< 0.05), fasting glucose concentration (*P* \< 0.05), and very-LDL (*P* \< 0.05). However, no significant differences were observed in the mean values of HDL-C (*P* \> 0.05) and LDL-C (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].

Of 100 AGA patients, 22 (22%) patients fulfilled 3 or more of the criteria for MetS compared with 8 (8%) of the controls, which was statistically significant (*P* \< 0.05) \[[Table 2](#T2){ref-type="table"}\]. However, there was no relationship between severity of AGA and MetS \[[Table 3](#T3){ref-type="table"}\]. The differences between the cases and controls for all the parameters that make up the MetS are shown in \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparative proportions of MetS and CAA plaque in AGA and control groups
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###### 

Comparative proportions of MetS in various grades of AGA
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###### 

Abnormal components of MetS in study and control group

![](IJT-7-141-g005)

The atheromatous plaque was seen in 2% of cases however no atheromatous plaque was found in controls patients (*P* = 0.155) \[[Table 2](#T2){ref-type="table"}\].

There were no significant differences in mean values of ESR (9.94 ± 6.66 vs. 8.55 ± 1.91, \>0.05) and CRP (14.08 ± 18.70 vs. 11.29 ± 11.54, *P* \> 0.05) among study and control group. However CRP levels were increased in 48 (48%) patients in study group while in control group, levels were increased in 52 (52%) patients (*P* = 0.207) \[[Table 1](#T1){ref-type="table"}\]. There was statistically highly significant difference in the mean value for serum testosterone (21.98 ± 23.84 vs. 5.41 ± 2.52, *P* \< 0.001) among study and control group \[[Table 1](#T1){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

The results of this study confirm that male AGA is associated with a greater prevalence of cardiovascular risk factors included in the MetS and with an increase in risk of carotid atherosclerosis. Most of the studies have focused on the analysis of coronary disease (acute myocardial infarction or cardiac death) but only few authors have analyzed the association with cardiovascular risk factors, such as criteria for MetS or the presence of carotid atheroma.

The association between alopecia and CVD may have a genetic origin. Family history plays an important role in the development of alopecia. We found a very significant association between the presence of AGA and family history of this condition. In current study and as reported in similar studies,\[[@ref31][@ref17]\] family history of AGA and hypertension and diabetes mellitus were significantly high in study patients than controls. Genetic factors are said to play a role in causing AGA. Androgen receptor gene which is X-linked recessive has been mentioned to be the cardinal prerequisite for balding, but other genes are also involved.

There was a highly significant difference in BMI values of AGA patients and the controls in the present study \[[Table 1](#T1){ref-type="table"}\]. There was also a significant correlation between BMI and AGA grade. Hirsso *et al*.\[[@ref32]\] found out statistically significant difference while Arias-Santiago *et al*.\[[@ref25]\] and Ceydal *et al*.\[[@ref33]\] could not find statistically significant difference in BMI values of AGA cases and controls.

In the present study, on comparing two groups, WC measurements of the AGA group were found to be higher than those of the control group (82.23 ± 9.89 cm). The difference was statistically significant (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\]. However, the difference between WHR values of the two groups was not found to be significant (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\]. Similarly, Arias-Santiago *et al*.\[[@ref25]\] and Acibucu *et al*.\[[@ref34]\] found statistically significant difference in WC of cases and controls (*P* = 0.032). In contrast, Ceydal.\[[@ref33]\] could not find statistically significant difference between WCs of AGA patients and controls.

The abdominal fat tissue is associated with serious metabolic disorders such as hypertension, hyperinsulinemia, increased TG, glucose intolerance, and diabetes mellitus.\[[@ref35]\] WC is associated with an increased risk for CAD.\[[@ref36]\] Some studies have quoted abdominal fat tissue as an independent risk factor for CAD calculated by measuring the waist-hip proportion.\[[@ref37][@ref38]\] The International Diabetes Federation has emphasized the strong correlation between IR and abdominal obesity and has suggested that this criterion be made compulsory for MetS diagnosis.\[[@ref39]\]

There was significant difference in levels of total cholesterol and TGs among cases and controls in the present study but statistically no significant difference in levels of HDL-cholesterol, LDL-C was observed \[Tables [1](#T1){ref-type="table"} and [4](#T4){ref-type="table"}\] In 1997, Sasmaz *et al*.\[[@ref3]\] also found meaningfully higher levels of serum TG and lipoprotein A in the AGA group.

Matilainen *et al*.\[[@ref40]\] found higher LDL-C and TGs in men with AGA in patients who had undergone coronary artery bypass graft or percutaneous transluminal coronary angioplasty. Sadighha *et al*.\[[@ref7]\] found out statistically significant higher TG and total cholesterol/HDL-C ratio, whereas HDL-cholesterol was lower in the study group (*P* \< 0.01). In a study by Arias-Santiago *et al*.\[[@ref25]\] men with AGA showed significant higher TGs, total cholesterol values, and LDL-C values. In contrast, Guzzo *et al*.\[[@ref41]\] randomly compared lipid profile, but found no statistically meaningful differences in lipid indices between two groups. The elevated lipid values in AGA patients may contribute, alongside other mechanisms, to the development of CVD. A meta-analysis by Shepherd *et al*.\[[@ref42]\] in 2003 stated that a 1 mmol/L increase in the TG value increases the possibility of CAD by 30% in men and by 69% in women. Sharrett *et al*.\[[@ref43]\] studied that both high TG values and low HDL-C values were associated with the transition from atheroma to atherothrombosis, and therefore, control of both these cardiovascular risk factors is essential in patients with subclinical disease.

Blood sugar values were significantly higher in the study cases (96.21 ± 30.31 mg/dL vs. 91.860 ± 19.12 mg/dL; *P* \< 0.05) \[Tables [1](#T1){ref-type="table"}, [4](#T4){ref-type="table"}, and [Figure 2](#F2){ref-type="fig"}\]. Abnormal fasting glucose levels more than 100 mg/dL were present in 23% of the patients; however, in the control group, it was present in 12% patients only \[[Table 4](#T4){ref-type="table"}\]. One of the most notable observations in the study by Hirsso *et al*.\[[@ref32]\] was that 21% of their patients with AGA and 12% of the control group had diabetes.

![Abnormal biomedical parameters in study and control group](IJT-7-141-g006){#F2}

Mean systolic and diastolic blood pressure values were significantly higher in our cases. Hypertension was present in 34 (34%) patients in the study group as compared to 15 (15%) patients in the control group, and this result was statistically significant (*P* \< 0.05) \[Tables [1](#T1){ref-type="table"} and [4](#T4){ref-type="table"}\] Hirsso *et al*.\[[@ref44]\] also found higher blood pressure values in patients with AGA than in a control group (65% vs. 45%), as well as a greater frequency of diabetes and hyperinsulinemia. However, a study published in 2007 by Hirsso *et al*.\[[@ref32]\] did not find statistically significant differences for systolic or diastolic blood pressure levels in patients aged \<35 years. The explanations offered for this association was that the androgens involved in the pathogenesis of AGA bind to vascular receptors and also cause hyperaldosteronism both which in turn cause hypertension.\[[@ref43][@ref45]\]

A comparison of the frequency of MetS revealed considerable differences between the groups. The prevalence rate of MetS as compared by NCEP ATP III criteria in the study group was 22% and in the control group was 8%. MetS was significantly associated with AGA (*P* \< 0.05) in this study \[[Table 2](#T2){ref-type="table"}\] but there was no specific trend found in the prevalence rate of MetS among the different degrees of the AGA patient group \[[Table 3](#T3){ref-type="table"}\]. The association between CVD and MetS is well documented. Recent studies show that people who meet ATP III criteria are 2.59-3.5 times more likely to have a cardiovascular event during the next 10 years.\[[@ref31][@ref46]\] The prevalence of MetS reported for the general population ranges from 11.7%\[[@ref47]\] to 30% in the population of Brazil,\[[@ref48]\] with a mean value of 20% in some studies published in Spain.\[[@ref49][@ref50]\]

The results of our study were similar to the Acibucu *et al*.\[[@ref34]\] and Arias-Santiago *et al*.\[[@ref25]\] who found statistically significant (*P* \< 0.05). MetS in 25% patients in the AGA group and 10.4% in the control group according to the NCEP ATP III 2001 diagnostic criteria. Su and Chen\[[@ref19]\] reported a significant association between AGA and MetS in 670 Taiwanese men in a population-based cross-sectional survey with adjustment for age, family history, and smoking. In contrast, in a study by Ceydal *et al*.\[[@ref33]\] no statistically significant difference of MetS was observed between the study and control groups.

We also measured acute phase reactants such as ESR and CRP in both groups. Mean values were not significantly higher for all reactants in the cases and controls. However, Hirsso *et al*.\[[@ref32]\] reported high-sensitivity CRP values in patients aged \<35 years who had moderate or severe alopecia. Chronic inflammation has been shown to play a key role in the presence of IR, endothelial dysfunction, and CVD.\[[@ref51]\]

The hormone study performed in our patients revealed statistically significant higher levels of serum testosterone in the study group than in the control group (21.98 ± 23.84 ng/dl vs. 5.41 ± 2.52 ng/dl, *P* \< 0.001) \[[Table 1](#T1){ref-type="table"}\]. Cipriani *et al*. (1983)\[[@ref51]\] found that plasma testosterone levels were not raised in bald men. However, their salivary testosterone levels were significantly higher than in controls.

In 1972, it was first suggested that AGA may be a risk factor for CVD when Cotton *et al*.\[[@ref52]\] demonstrated an association between the occurrence of CVD and hair loss. The second key area analyzed, in our study was the presence of carotid atheromatous plaques, as studied by Doppler ultrasound. The association between AGA and the presence of atheromatous plaque could be explained by a greater sensitivity of androgens in the scalp and in vascular smooth muscle, thus favoring miniaturization of the hair follicles in one case and the presence of atheromatous plaque in the other. Many studies assume that pathogenesis was similar for coronary atherosclerosis and carotid atherosclerosis and, therefore, that the presence of carotid atheroma also predicts coronary disease.\[[@ref43]\] In our study, an atheromatous plaque was present in 2% of cases in contrast, no plaque was found in patients of control group, however, this result was not statistically significant \[[Table 2](#T2){ref-type="table"}\]. In addition, carotid intima-media thickness was greater in cases. Most studies on this topic do not analyze the presence of carotid atherosclerosis as a predisposing factor for CVD. Instead, they have directly analyzed cardiovascular events, generally myocardial infarction, although they restrict their analysis to patients who have survived coronary disease; therefore, they missed data on patients who die and did not take into account asymptomatic individuals with coronary disease. A study by Shahar *et al*.\[[@ref13]\] concluded that male pattern baldness is not an important risk factor for myocardial infarction or asymptomatic atherosclerosis. They also did not find statistically significant differences in carotid intima-media thickness according to the degree of alopecia, despite studying a large number of patients. Dogramaci *et al*.\[[@ref53]\] on the other hand, found an association between severe androgenetic alopecia and a higher carotid intima-media thickness, although they did not analyze the prevalence of atheromatous plaque either. The atheromatous plaque is an easier parameter to measure than carotid intima-media thickness and is very useful when evaluating overall cardiovascular risk in our patients. The approach is noninvasive, reliable, reproducible, and inexpensive; therefore, it is the technique of choice for the detection of subclinical atherosclerosis and makes it possible to establish a classification that goes beyond common risk factors.

CONCLUSION {#sec1-5}
==========

Young men with AGA should be made aware of an increased risk of IR and its consequences later in life for diseases such as dyslipidemia, hypertension, and diabetes. AGA patients with higher BMI or abdominal obesity (suggested by higher WC) should be advised regarding lifestyle modifications for weight reduction.

It is suggested that since patients with AGA have higher frequency of MetS and a tendency to develop carotid atheromatous plaques, so all the patients of early onset AGA should be screened for cardiovascular abnormalities by MetS criteria and carotid ultrasound studies for early detection of atheromatous plaques. It is further suggested that preventive treatment should be initiated before CVD become established.
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